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Introduction {#jdi12395-sec-0005}
============

Type 2 diabetes has become a serious worldwide public health problem over the past decades, and has increased the burden of patients, their families and the healthcare system. The global prevalence of type 2 diabetes in 2013 was 8.3% in adults, with current projections estimating 592 million diabetic people by 2035[1](#jdi12395-bib-0001){ref-type="ref"}. The prevalence of type 2 diabetes is much higher in low‐ and middle‐income countries than developed countries. According to the Diabetes Atlas, China had 98.4 million diabetes patients in 2013, the largest diabetic population in the world[1](#jdi12395-bib-0001){ref-type="ref"}. The direct medical cost of type 2 diabetes in 2008 reached \$9.1 billion, the increased economic burden is thus a significant challenge for China[2](#jdi12395-bib-0002){ref-type="ref"}. There has been great interest in predicting incident type 2 diabetes in the general population in order to prevent the epidemic of this disease[3](#jdi12395-bib-0003){ref-type="ref"}.

According to the American Diabetes Association criteria, glycated hemoglobin (HbA1c) is an important diagnostic tool for diabetes. However, it is not routinely used in health check‐up centers or community hospitals. Therefore, it is pivotal to know whether the incidence of diabetes can be predicted with risk factors including impaired fasting glucose (IFG). Based on epidemiological research, the risk factors associated with the onset of type 2 diabetes are not clear. Most of the existing diabetes risk prediction models are based on a cross‐sectional study evaluating subjects with the associated risk factors of diabetes[4](#jdi12395-bib-0004){ref-type="ref"}, [5](#jdi12395-bib-0005){ref-type="ref"}, [6](#jdi12395-bib-0006){ref-type="ref"}, [7](#jdi12395-bib-0007){ref-type="ref"}, [8](#jdi12395-bib-0008){ref-type="ref"}. Although there are established models based on cohort studies[9](#jdi12395-bib-0009){ref-type="ref"}, [10](#jdi12395-bib-0010){ref-type="ref"}, [11](#jdi12395-bib-0011){ref-type="ref"}, [12](#jdi12395-bib-0012){ref-type="ref"}, [13](#jdi12395-bib-0013){ref-type="ref"}, most are studies of Western populations, with just a few in Asian populations. Recently, some predicting models were set up in Chinese adults, but they are all from North China[7](#jdi12395-bib-0007){ref-type="ref"}, [8](#jdi12395-bib-0008){ref-type="ref"}.

Epidemiological studies have shown that non‐alcoholic fatty liver disease (NAFLD)‐related biomarkers (such as serum alanine aminotransferase and gamma‐glutamyltransferase) and ultrasound‐based NAFLD can be used to predict type 2 diabetes[14](#jdi12395-bib-0014){ref-type="ref"}, [15](#jdi12395-bib-0015){ref-type="ref"}. However, to date, few studies have focused on the association between dyslipidemia, NAFLD and type 2 diabetes[16](#jdi12395-bib-0016){ref-type="ref"}. In the present large‐scale cohort study, we established a new simple scoring system to explore whether hyperlipidemia and NAFLD can predict the onset of type 2 diabetes in Shanghai, China.

Methods {#jdi12395-sec-0006}
=======

Data Selection {#jdi12395-sec-0007}
--------------

The Shanghai Baosteel Study included a cohort consisting of apparently healthy employees who underwent health check‐ups every 2 years. A total of 12,640 individuals underwent a baseline health examination during the period from 1995 to 1996, and 7,147 individuals were enrolled in this study who underwent a reexamination 6 years after the initial examination in 2001--2002.

They are followed up every 2 years. Over 5% of 7,147 individuals who had diabetes at the baseline examination (*n* = 334) or with missing data on baseline characteristics (*n* = 116) were excluded. In addition, a total of 155 participants with high alcohol consumption (*n* = 58, the ethanol intake per week was more than 140 g in men, 70 g in women, in the past 12 months), cancer (*n* = 51), hepatitis C virus infection (*n* = 12), autoimmune liver disease (*n* = 2) and missing data on the following follow‐up health check‐ups (*n* = 49) were excluded. Consequently, a total of 6,542 participants were recruited into the study for the risk of diabetes.

A questionnaire was administered including age, sex, alcohol consumption, personal medical history and so on. Anthropometric data were collected including height, weight, blood pressure and so on. Body mass index (BMI) was then calculated by dividing weight in kilograms (kg) by height in meters squared (m^2^). Obesity is defined as BMI ≥25 kg/m^2^. Blood samples were obtained for biochemical tests including fasting plasma glucose (FPG), total cholesterol (TC) and triglycerides (TG) after an overnight fast of 12 h. Hypertriglyceridemia was defined as serum TG ≥1.7 mmol/L and hypercholesteremia as serum TC ≥6.2 mmol/L. The diagnosis of NAFLD was decided by type B ultrasound criteria, including hepatorenal echo contrast, liver brightness, deep attenuation and vascular blurring, using a 3.5‐MHz probe. The definition of type 2 diabetes incidence was based on a blood test at follow up, according to the American Diabetes Association criteria[17](#jdi12395-bib-0017){ref-type="ref"}, as well as diagnosis and/or receipt of diabetes medication during follow up.

The investigations were carried out by trained nurses from the Center for Health Care of Shanghai Baosteel. The study protocol followed the Ethical Guidelines for Clinical/Epidemiological Studies of the National Health and Family Planning Commission of the People\'s Republic of China in accordance with the Declaration of Helsinki, and received ethical approval from the institutional review boards of all participating institutions. Informed consent was obtained from all participants.

Statistical Analysis {#jdi12395-sec-0008}
--------------------

Baseline characteristics were summarized separately in new diabetes and no diabetes at follow up, and compared using unpaired *t*‐tests for continuous variables and χ^2^‐tests for categorical variables. The relative risks (RR) and 95% confidence intervals (95% CI) were calculated using proportional hazards models adjusted for age and sex.

To develop the risk scores for predicting the 6‐year incidence of diabetes, we estimated point scores from the β coefficients of three multivariate Cox proportional hazards models. The first model, including the continuous variable, was based on age, TG, BMI and FPG. The second model, including the binary variable, was based on age group (age \<55 years or ≥55 years), hypertriglyceridemia, obesity, NAFLD and IFG. Then the third model, a scoring system, was developed for each significant variable in the second model, and a score was assigned to each variable based on the regression coefficients by 10 and rounding to the nearest integer. The Shanghai Baosteel Score (SBS) was calculated as the sum of points for each variable in the third model. A Cox hazard regression model with a significant incidence of diabetes‐related variables was set up by the following formula: risk score = X1 × β1 + X2 × β2, ..., + Xp × βp.

For each model, the predictive performance of the risk score was evaluated with respect to the area under the curve (AUC) in a receiver operating characteristic curve (ROC), sensitivity, specificity, positive likelihood ratio (sensitivity / \[1‐specificity\]) and negative likelihood ratio (\[1‐sensitivity\] / specificity) were calculated. The cut‐off score that gave the maximum sum of sensitivity and specificity was taken as the optimum.

All statistical tests were two‐sided with a type I error of 0.05, and *P*‐values \<0.05 were considered statistically significant. Statistical analysis was carried out using SPSS 13.0 software (SPSS Inc, Chicago, IL, USA).

Results {#jdi12395-sec-0009}
=======

Participants\' Characteristics {#jdi12395-sec-0010}
------------------------------

Baseline characteristics of the study population are presented in Table [1](#jdi12395-tbl-0001){ref-type="table-wrap"}. Of 6,542 individuals, 5,617 were men (85.9%), with an average age of 35.3 ± 10.0 years. The average BMI was 22.6 kg/m^2^. At baseline, the prevalence of obesity, hypertriglyceridemia, hypercholesteremia, and fatty liver were 20.7%, 26.1%, 8.3% and 3.2%, respectively. During the 6‐year follow up, 368 participants (5.6%) developed type 2 diabetes, and the 100‐person year incidence of diabetes was 0.93. All participants were categorized into two groups, the baseline characteristics of the two groups are shown in Table [1](#jdi12395-tbl-0001){ref-type="table-wrap"}. The prevalence of NAFLD was higher in the new diabetes group (13.0%) compared with the no diabetes group (2.6%).

###### 

Baseline characteristics by incident diabetes status and univariate analyses of the relative risk for diabetes

  Characteristic             Total (*n* = 6,542)   New diabetes (*n* = 368)   No diabetes (*n* = 6174)   RR (95% CI)         *P*‐value
  -------------------------- --------------------- -------------------------- -------------------------- ------------------- -----------
  Sex, % (men)               85.9                  90.2                       85.6                       1.91 (1.34--2.70)   0.014
  Age (years)                35.3 ± 10.0           39.4 ± 11.2                35.1 ± 9.8                 1.04 (1.03--1.05)   \<0.001
  Height (cm)                170.2 ± 6.6           169.8 ± 6.4                170.2 ± 6.6                0.98 (0.96--1.00)   0.224
  Weight (cm)                65.6 ± 9.6            70.6 ± 9.7                 65.3 ± 9.5                 1.05 (1.04--1.06)   \<0.001
  BMI (kg/m^2^)              22.6 ± 2.9            24.5 ± 3.2                 22.5 ± 2.8                 1.20 (1.16--1.24)   \<0.001
  FPG (mmol/L)               5.48 ± 0.56           5.85 ± 0.62                5.46 ± 0.55                3.13 (2.60--3.77)   \<0.001
  TC (mmol/L)                4.41 ± 0.90           4.74 ± 1.02                4.39 ± 0.89                1.27 (1.13--1.43)   \<0.001
  TG (mmol/L)                1.43 ± 1.08           2.03 ± 1.47                1.39 ± 1.05                1.33 (1.25--1.41)   \<0.001
  Obesity (%)                20.7                  42.1                       19.4                       2.38 (1.93--2.95)   \<0.001
  Hypercholesteremia (%)     8.3                   16.0                       7.8                        1.49 (1.09--2.04)   \<0.001
  Hypertriglyceridemia (%)   26.1                  46.7                       24.9                       2.16 (1.76--2.67)   \<0.001
  IFG (%)                    14.4                  39.9                       12.8                       3.65 (2.96--4.51)   \<0.001
  NAFLD (%)                  3.2                   13.0                       2.6                        4.01 (2.96--5.44)   \<0.001

Data are % or mean ± standard deviation. *P*‐values for continuous outcomes were based on a *t*‐test and χ^2^‐test for categorical variables. Relative risk (RR) and 95% confidence interval (CI) were adjusted for age and sex by proportional hazards models. BMI, body mass index; FPG, fasting plasma glucose; IFG, impaired fasting glucose; NAFLD, non‐alcoholic fatty liver disease TC, total cholesterol; TG, triglycerides.
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Risk Factors for Diabetes {#jdi12395-sec-0011}
-------------------------

Table [1](#jdi12395-tbl-0001){ref-type="table-wrap"} shows the relative risks associated with the onset of diabetes, adjusted for age and sex by proportional hazards models. Baseline BMI, IFG, TG, TC and the presence of NAFLD were associated with the incident of diabetes after adjusted for age and sex. Of them, IFG and NAFLD at baseline were strong risk factors for type 2 diabetes at the end of the 6‐year follow‐up period. The risk of diabetes was fourfold higher in the NAFLD group than in the participants without NAFLD. However, IFG was considered as the strongest risk factor after adjusting confounding factors (Table [2](#jdi12395-tbl-0002){ref-type="table-wrap"}). Using Cox multiple regression analysis, age was also the factor strongly related to the incidence of diabetes, while serum TC level was ruled out (Table [2](#jdi12395-tbl-0002){ref-type="table-wrap"}).

###### 

Results of Cox regression analyses predicting newly detected diabetes: The content of three predictive models

  Variables                                 Model 1   Model 2             SBS                         
  ----------------------------------------- --------- ------------------- ------- ------------------- ----
  Age (years)                               0.025     1.02 (1.01--1.03)   --      --                  --
  Age range (0, \<55 years; 1, ≥55 years)   --        --                  0.569   1.77 (1.31--2.38)   2
  BMI (kg/m^2^)                             0.132     1.14 (1.1--1.18)    --                          
  Obesity (0, BMI \<25; 1, ≥25 kg/m^2^)     --        --                  0.568   1.76 (1.4--2.22)    2
  TG (mmol/L)                               0.154     1.17 (1.09--1.25)   --      --                  --
  Hypertriglyceridemia (0, no; 1, yes)      --        --                  0.442   1.56 (1.25--1.94)   2
  FPG (mmol/L)                              0.974     2.65 (2.2--3.19)    --      --                  --
  IFG (0, no; 1, yes)                       --        --                  1.148   3.15 (2.54--3.91)   3
  NAFLD (0, no; 1, yes)                     --        --                  0.773   2.17 (1.56--3.01)   2

Model 1 score (continuous variable) = 0.025 × age + 0.154 × TG + 0.132 × BMI + 0.974 × FPG. Model 2 score (binary variable) = 0.569 × age (0, age \<55 years; 1, age ≥55 years) + 0.442 × TG (0, no;1, yes) + 0.568 × obesity (0, BMI \<25;1, BMI ≥25 kg/m^2^) + 0.773 × non‐alcoholic fatty liver disease (0, no; 1, yes) + 1.148 × IFG (0, no; 1, yes). Model 3 Score (SBS) = age(0, age \<55 years; 1, age ≥55 years) × 2 + TG (0, no; 1, yes) × 2 + obesity (0, BMI \<25; 1, BMI ≥25 kg/m^2^) × 2 + non‐alcoholic fatty liver disease (0, no; 1, yes) × 2 + IFG (0, no; 1, yes) × 3. BMI, body mass index; FPG, fasting plasma glucose; HR, hazard ratio; IFG, impaired fasting glucose; NAFLD, non‐alcoholic fatty liver disease; P, points scored; SBS, Shanghai Baosteel Score; TG, triglycerides.
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Constructing the Prediction Model {#jdi12395-sec-0012}
---------------------------------

Based on Cox regression, we developed three different models to estimate the risk of diabetes (Table [2](#jdi12395-tbl-0002){ref-type="table-wrap"}). Model 1 was based on age, BMI, TG and FPG. Model 2 was created by binary variable (age range, obesity, hypertriglyceridemia, IFG and NAFLD). Model 3 was a risk score (SBS) based on model 2 including age range (2 points), hypertriglyceridemia (2 points), obesity (2 points), NAFLD (2 points) and IFG (3 points), a total of 11 points. The AUC for models 1, 2, and 3 were 0.727, 0.752 and 0.724, respectively (Figure [1](#jdi12395-fig-0001){ref-type="fig"}). The optimal cut‐off value of the SBS was over 3 points. Among all participants, 24.8% had a risk score more than SBS. The sensitivity and specificity for predicting incident diabetes was 57.9% and 77.2%, respectively (Table [3](#jdi12395-tbl-0003){ref-type="table-wrap"}).

![Receiver operating characteristic curves showing the performance of each model score in predicting incident diabetes in the Baosteel cohort. The 95% confidence interval is given in parentheses. AUC, area under the curve.](JDI-7-206-g001){#jdi12395-fig-0001}

###### 

Screening performance of the developed diabetes risk scores for predicting future type 2 diabetes

  Score     Area under the ROC curve (95% CI)   Optimal cut‐off value   Sensitivity (%)   Specificity (%)   LR+    LR−
  --------- ----------------------------------- ----------------------- ----------------- ----------------- ------ ------
  Model 1   0.727 (0.698--0.755)                ≥0.671                  58.42             77.1              2.55   0.54
  Model 2   0.752 (0.725--0.779)                ≥9.864                  65.76             72.71             2.41   0.47
  SBS       0.724 (0.695--0.752)                \>3                     57.88             77.23             2.54   0.55

CI, confidence interval; LR+, likelihood ratio for a positive test result; LR−, the likelihood ratio for a negative test result; ROC, receiver operating characteristics curve; SBS, Shanghai Baosteel Score.
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Discussion {#jdi12395-sec-0013}
==========

It is well known that the early detection and prevention of type 2 diabetes are very important to reduce the health burden worldwide, especially in developing countries and low‐income countries[18](#jdi12395-bib-0018){ref-type="ref"}, [19](#jdi12395-bib-0019){ref-type="ref"}. In the present study, we examined the risk factors for newly developing type 2 diabetes among individuals in the Shanghai Baosteel Cohort, and we developed a new risk‐score system based on demographic and clinical data. To our knowledge, this is the first study to develop a scoring system to predict type 2 diabetes in East China. Participants enrolled in the present study were mostly healthy workers from the Shanghai Baosteel Limited company.

The variables included in model 1 were age, BMI, serum TG and FPG. These variables are easily obtained in check‐up centers and community hospitals. When adding NAFLD to model 1, the predictive ability increased from 0.727 to 0.752. The risk‐score system based on model 2 had good discrimination ability (AUC 0.724, 95% CI 0.695--0.752). The scoring system produced by the present study includes simple clinical factors that could be assessed anywhere in a primary healthcare institution; that is, age, obesity, serum TG and IFG. By using this risk score, most clinicians or healthcare providers will be able to carry out screening in a large population. People at high risk are recommended to undergo further examinations, such as the oral glucose tolerance test and HbA1c test, and seek advice from a specialist for early diagnosis of diabetes. In our opinion, these individuals should be advised to develop healthy lifestyles, such as exercise and calorie restriction.

During the past years, many risk scores have been developed elsewhere. Most of them were developed in Caucasians, and contain variables that might not be readily available in other populations. von Eckardstein *et al*.[20](#jdi12395-bib-0020){ref-type="ref"}, based on 6.3‐year follow up in a German population, established the Prospective Cardiovascular Munster model to predict the incidence of diabetes with an AUC of 0.79. In addition, the San Antonio model was established by Stern[21](#jdi12395-bib-0021){ref-type="ref"} to predict the risk of the onset of diabetes in Mexican Americans and non‐Hispanic whites with a follow‐up period of 7.5 years. That model was very complicated and included many factors, such as age, sex, obesity, family history of diabetes, FPG, blood pressure, high‐density lipoprotein cholesterol and other biological markers, which made it difficult to apply. Recently, Wilson *et al*.[22](#jdi12395-bib-0022){ref-type="ref"}, based on the Framingham Offspring Study, constructed another predictive model of diabetes including FPG, BMI, high‐density lipoprotein cholesterol, TG and family history of hypertension. The present study confirms and extends the results of these previous studies that FPG, BMI and TG are significantly associated with the incidence of diabetes in the adult population. The present study also verified that NAFLD was closely related to the prevalence and incidence of diabetes, which was consistent with the recent reports[14](#jdi12395-bib-0014){ref-type="ref"}, [23](#jdi12395-bib-0023){ref-type="ref"}, [24](#jdi12395-bib-0024){ref-type="ref"}, [25](#jdi12395-bib-0025){ref-type="ref"}, [26](#jdi12395-bib-0026){ref-type="ref"}.

However, there were several limitations that should be considered based on the present study. First, we did not validate this risk score or compare this score with other models. Second, 2‐h postload glucose test and HbA1c were not included in our study, although they are important tools for the diagnosis of diabetes. In clinical practice, it is inconvenient, unavailable and expensive to obtain these data when people undergo a health check‐up. Finally, we used type B ultrasound to diagnose fatty liver. It is inaccurate, as it cannot identify mild hepatic steatosis, but it is much more feasible and convenient[24](#jdi12395-bib-0024){ref-type="ref"}, [25](#jdi12395-bib-0025){ref-type="ref"}, [26](#jdi12395-bib-0026){ref-type="ref"}. Histological diagnosis of NAFLD by liver biopsy is the golden standard, while it seems to be invasive and impractical in a health check‐up and follow up.

In conclusion, we found three models that are effective in estimating the risk of diabetes in the Shanghai Baosteel Cohort Study, and developed a new risk score system based on these models. This model promotes public awareness of controlling obesity, dyslipidemia, NAFLD and therefore adopting a healthy lifestyle to prevent diabetes.
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